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@ COOLING DEVICE OF ROTATING MEMBER.

@ This invention is directed to efficient cool a rotat-
ing member under an environment where it receives
an excessive heat transfer, such as a main spindle
equipped with a built-in motor. The rotor (12) of a
built-in motor is directly fitted to the rear end side of
a main spindle (10) of a machine tool, and the stator
(14) is so disposed on a spindle housing (16) en-
compassing the main spindle (10) as to encompass
the rotor (12). A ring-like member (18) is fixed to the
inner peripheral surface of the spindle housing (16)

in front of the stator (14), and encompasses the main
spindle (10) with a suitable gap. A magnetic fluid
(20), for example, a mixture of fine powder of iron
oxide and a liquid such as water or a mineral oil, is
filled into the gap defined between the main spindle
(10) and the ring-like member (18). A cooling liquid
passage (22) is disposed in the spindle housing (16)
in the proximity of the stator (14) and the ring-like
member (18).
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TECHNICAL FIELD

The present invention generally relates to a
device for cooling a rotating body, and particularly
to a device for cooling a spindle of a machine tool.
A device for cooling a spindle of a machine tool
according to the invention is suitably applicable fo
a cooling device of a spindle directly combined
with a rotor of an electric motor.

BACKGROUND ART

A spindle of a machine tool having a built-in
type electric motor (hereinafter called a buili-in
motor) as a rotfational driving source is known,
wherein a rotor of the built-in motor is directly fitted
o a part of the spindle and a stator surrounding the
rotor is disposed on a spindle housing enclosing
the spindle. In such a spindle, the heat generated
from the rotor of the motor is directly transferred to
the spindle, and thus the latter is heated to high
temperature which may influence the rigidity of the
spindle or a workpiece installed thereon. Therefore,
the spindle is generally cooled by blowing cooling
air or pouring a cooling liquid such as an industrial
oil thereover. The method of directly blowing the
cooling air over the spindle has a problem in the
producing of wind noise, and the method of directly
pouring the cooling liquid thereover has a problem
in the after treatment thereof.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide
a cooling device that can efficiently cool, by a
simple construction, a rotating body under the envi-
ronment and subjected to an excessive heat trans-
fer, such as a spindle having the above-mentioned
built-in motor.

To accomplish the above object, the present
invention provides a device for cooling a rotating
body, comprising an annular member consisting of
a permanent magnet magnetized along a same
direction as an axial direction of the rotating body,
fixed on an inner periphery of a housing enclosing
the rotating body, and arranged with a predeter-
mined gap between the annular member and an
outer periphery of the rotating body; a magnetic
fluid, made by mixing a magnetic powder with
liquid, filled into the gap defined between the an-
nular member and the rotating body, and held in
the gap by a magnetic force of the annular mem-
ber; and a cooling means for cooling the annular
member and absorbing heat generated by the ro-
tating body via the annular member and the mag-
netic fluid, whereby the rotating body is cooled.

Furthermore, the present invention provides a
device for cooling a spindle of a machine tool, the
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spindle being directly fitted o a rotor of an electric
motor, comprising a spindle housing enclosing the
spindle and having a predetermined annular cham-
ber between the spindle housing and an outer
periphery of the spindle; an annular member con-
sisting of a permanent magnet magnetized along a
same direction as an axial direction of the spindle,
fixed on an inner periphery of the spindle housing
in the annular chamber, and arranged with a pre-
determined gap between the annular member and
the outer periphery of the spindle; a magnetic fluid,
made by mixing a magnetic powder with liquid,
filled into the gap defined between the annular
member and the spindle, and held in the gap by a
magnetic force of the annular member; and a cool-
ing means for cooling the annular member and
absorbing heat transferred from the rotor of the
motor to the spindle via the annular member and
the magnetic fluid.

According to the preferred embodiment of the
present invention, a cooling device is provided
wherein the cooling means comprises a cooling
liquid passage means provided within the housing
or spindle housing adjacent to the annular member,
for circulating a cooling liquid.

The magnetic fluid is held in the gap between
the annular member and the rotating body or spin-
dle by a magnetic force of the annular member
consisting of the permanent magnet, whereby the
rotating body or spindle can be maintained in con-
tact with the magnetic fluid during the rotation
thereof, and efficiently perform a heat transfer be-
tween the rotating body and the magnetic fluid. At
the same time, the magnetic fluid is in continuous
contact with the annular member, whereby the heat
is also transferred from the magnetic fluid to the
annular member. Therefore, the heat of the rotating
body or spindle is absorbed by the cooling means
via the magnetic fluid and the annular member, and
thus the rotating body or spindle is cooled.

BRIEF EXPLANATION OF THE DRAWING

The foregoing and other objects, features, and
advantages of the present invention will be de-
scribed with relation to the embodiments shown in
the accompanying drawing, in which;

Fig. 1 is a longitudinal sectional view of the
cooling device for a machine tool spindle ac-
cording to the embodiment of the present inven-
tion.

BEST MODE OF CARRYING OUT THE INVEN-
TION

Referring to the drawing, Fig. 1 shows a ma-
chine tool spindle 10 having a built-in motor as a
spindle driver motor. A rotor 12 of the built-in motor
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is directly fitted to the rear end portion of the
spindle 10, and a stator 14 surrounding the rotor 12
is disposed on a spindle housing 16 enclosing the
spindle 10. Therefore, the rotational power of the
built-in motor is directly taken out of the spindle 10
and rotates a tool or workpiece (not shown) in-
stalled on the front end of the spindle 10.

The spindle 10 having above-mentioned con-
struction is heated to a high temperature by a
direct transfer of the heat generated by the rotor 12
of the built-in motor, and this may influence the
rigidity of the spindle or the tool or workpiece
installed on the front end thereof. Therefore, the
spindle 10 is effectively cooled by the cooling
device according to the present invention.

As shown in Fig. 1, the cooling device for the
spindle according to the embodiment of the
present invention comprises an annular member 18
arranged so as to surround the spindle 10, with a
suitable gap between the annular member 18 and
the outer periphery of the spindle 10, and fixed on
the inner surface of the spindle housing 16 at the
front position of the stator 14, a magnetic fluid 20
filled into the gap defined between the spindle 10
and the annular member 18, and cooing liquid
passages 22 provided within the spindle housing
16. The annular member 18 consists of a perma-
nent magnet and is magnetized along the same
direction of the thickness as the direction of the
axis of the spindle 10. The magnetic fluid 20 is
made by mixing, for example, powder particles of
iron oxide with a liquid such as water or mineral oil,
and has the characteristics of both the magnetic
substance and the liquid. Therefore, the magnetic
fluid 20 is held in the gap between the spindle 10
and the annular member 18 by a magnetic force of
the annular member 18, and is in continual contact
with the spindle 10 and the annular member 18,
regardless of the rotation of the spindle 10. The
cooling liquid passage 22 is arranged within the
spindle housing 16 adjacent to the stator 14 and
the fixing position of the annular member 18, for
circulating the cooling liquid. Preferably, a plurality
of the cooling liquid passages 22 may be provided
along the longitudinal direction of the spindle hous-
ing 16, and each of the passages 22 may be
connected to one another at the front end thereof
by connecting passages 22a. In this case, the
direction in which the cooling liquid is circulated
can be optionally set in all of the cooling liquid
passages.

According to the above-mentioned cooling de-
vice of a spindle, the heat generated from the rotor
12 of the built-in motor when the spindle 10
rotates, and conducted along the axis direction of
the spindle 10 by thermal conduction, is efficiently
transferred to the magnetic fluid 20 directly in
contact with the spindle 10. At the same time, the
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magnetic fluid 20 is also in direct contact with the
annular member 18, whereby the heat transferred
to the magnetic fluid 20 is also efficiently trans-
ferred to the annular member 18, whereby the
annular member 18 is efficiently cooled, i.e. the
heat is efficiently absorbed by the cooling liquid
circulating in the cooling liquid passage 22. As
described above, the rotor 12 and the spindle 10
as a rotating body are continuously thermally con-
nected to the cooling liquid passages 22, the spin-
dle housing 16, and the annular member 18 as a
stational body, and air that would lower the heat
transfer coefficient is not interposed therebetween,
and therefore, an effective cooling is accomplished.

Furthermore, in the above embodiment, the
heat generated by the stator 14 of the buili-in
motor is conducted by the spindle housing 16 and
further absorbed by the cooling liquid in the cool-
ing liquid passages 22. Thus the cooling device of
a spindle according to the above embodiment can
absorb the heat generated by the rotor 12 via the
spindle 10, and at the same time, the heat gen-
erated by the stator 14 by the cooling liquid cir-
culating in the same cooling liquid passage 22.
Therefore, an effect is obtained in whereby the
cooling process for the rotor and the stator of the
built-in motor can be performed simultaneously by
a simple construction.

As clear from the above descriptions, accord-
ing to the invention, a rotating body subjected to
thermal conduction, such as spindle of a machine
tool having a built-in motor, can be effectively
cooled by a simple construction.

LIST OF REFERENCE NUMERALS

10 spindle

12 rotor

14 stator

16 spindle housing

18 annular member

20 magnetic fluid

22 cooling liquid passage

22a connecting passage
Claims

1. A device for cooling a rotating body, compris-
ing;
an annular member consisting of a perma-
nent magnet magnetized along a same direc-
tion as an axial direction of said rotating body,
fixed on an inner periphery of a housing en-
closing said rotating body, and arranged with a
predetermined gap between said annular
member and an outer periphery of said rotat-
ing body,
a magnetic fluid, made by mixing a mag-
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netic powder with liquid, filled into said gap
defined between said annular member and
said rotating body, and held in said gap by a
magnetic force of said annular member, and

a cooling means for cooling said annular
member and absorbing heat generated by said
rotating body via said annular member and
said magnetic fluid, whereby said rotating
body is cooled.

A device for cooling a rotating body as claimed
in claim 1, wherein said cooling means com-
prises a cooling liquid passage means pro-
vided within said housing and adjacent to said
annular member, for circulating a cooling lig-
uid.

A device for cooling a spindle of a machine
tool, the spindle being directly fitted o a rotor
of an electric motor, comprising;

a spindle housing enclosing the spindle
and having a predetermined annular chamber
between said spindle housing and an outer
periphery of the spindle,

an annular member consisting of a perma-
nent magnet magnetized along a same direc-
tion as an axial direction of the spindle, fixed
on an inner periphery of said spindle housing
in said annular chamber, and arranged with a
predetermined gap between said annular
member and the outer periphery of the spin-
dle,

a magnetic fluid, made by mixing a mag-
netic powder with liquid, filled into said gap
defined between said annular member and the
spindle, and held in said gap by a magnetic
force of said annular member, and

a cooling means for cooling said annular
member and absorbing heat transferred from
the rotor of the motor to the spindle via said
annular member and said magnetic fluid.

A device for cooling a spindle of a machine
tool as claimed in claim 1, wherein said cool-
ing means comprises a cooling liquid passage
means provided within said spindle housing
and adjacent to said annular member, for cir-
culating a cooling liquid.

A device for cooling a spindle of a machine
ool as claimed in claim 4, wherein said cool-
ing liquid passage means is extended adjacent
fo a stator of the motor arranged on said
spindle housing and surrounding the rotor.

A device for cooling a spindle of a machine
tool as claimed in claim 5, wherein said cool-
ing liquid passage means comprising a plural-
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ity of cooling liquid passages extending adja-
cent to the stator of the motor and arranged
separately from one another in a circumferen-
tial direction thereof.
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